The direct visualisation of nerves and adjacent anatomical structures may make ultrasonography the preferred method for nerve localisation. In this prospective randomised study, we investigated whether, for distal sciatic nerve block in the popliteal fossa, an ultrasound guided technique would result in the use of less local anaesthetic without changing block characteristics and quality.
Ultrasound guidance for peripheral nerve blocks is increasing in popularity. The real-time visualisation of the nerve, the needle advancement and local anaesthetic deposition has been shown to decrease procedural times and increase block quality [1] [2] [3] [4] . Chan et al described that ultrasoundassisted sciatic nerve localisation is potentially valuable for sciatic nerve blocks 5 .
To anaesthetise the lower limb, the sciatic nerve block is commonly combined with femoral nerve block and relatively large doses of local anaesthetic are injected. Prudent selection of local anaesthetic concentration and volume is needed to decrease the risk of systemic toxicity 6 .
Ultrasound guidance has been shown to enhance the quality of popliteal sciatic nerve block compared with single injection, nerve stimulator guided block 7 . A reduced amount of local anaesthetic can be injected while maintaining block characteristics in femoral nerve blocks 2 , but has not been demonstrated for distal sciatic nerve blocks in the popliteal fossa.
Ultrasound technology is not difficult to master, but many anaesthesiologists feel unprepared to embrace it 8 . They raise questions as to whether ultrasound can increase the high success rate they obtain with electrical nerve stimulation, or whether it will decrease the incidence of complications associated with peripheral nerve blocks 9 .
We designed a study to test the hypothesis that ultrasound visualisation of the distal sciatic nerve in the popliteal fossa with subsequent ultrasoundguided injection of local anaesthetic will result in a reduced amount of injected local anaesthetic, shorter performance times, equivalent block quality (sensory and motor onset time and duration) and less patient discomfort compared with the nerve stimulation-guided distal sciatic nerve block. 
METHODS
After obtaining approval of the institutional Review Board of the Radboud University and written informed consent, 40 patients ASA Physical Status i to iii undergoing surgery of the foot or ankle under regional anaesthesia with a distal sciatic nerve block in the popliteal fossa were randomly assigned to one of two equal groups. Random assignment was done using sealed envelopes. Exclusion criteria included patient refusal, pre-existing neuropathy, kidney or liver disease, pregnancy, skin infection at the site of needle insertion and inability to communicate. On arrival in the preparation room routine monitoring of electrocardiogram, non-invasive blood pressure measurement and pulse oximetry were applied. intravenous access was established. All patients received 2 mg midazolam intravenously before the start of the block procedure.
The popliteal sciatic nerve blocks in the nerve stimulation group (NS group) were performed as described by Hadzic et al 10 , but with the patient in Sim's position. The anaesthesiologists who performed the blocks had extensive clinical experience with nerve stimulation guided popliteal sciatic nerve blocks, but no experience with ultrasonographic guidance. After disinfection with chlorhexidine, the proposed needle insertion site was infiltrated with 2 ml lignocaine 1%. Hereafter a 50 mm Stimuplex A (B. Braun, Melsungen, Germany) insulated block needle attached to a nerve stimulator (HNS 11, Braun Melsungen, Germany) was inserted perpendicular to the skin at the midpoint between the tendons of the biceps femoris and semintendinosus muscle, 8 to 10 cm above the popliteal fossa crease. The needle was slowly advanced until a plantar or dorsiflexion of the foot or toes was obtained. The initial current of 1 mA, 0.1 ms (2 Hz) was slowly decreased and adjusted to the lowest current at which these responses were still observed, with a minimum of 0.2 mA and maximum of 0.5 mA.
At this point, after inadvertent intravascular placement was ruled out by gentle aspiration, lignocaine 1.5% with adrenaline 5 μg/ml was injected. The attending anaesthesiologist was asked to inject the smallest amount of local anaesthetic that his or her clinical experience judged to be necessary in order to obtain a successful block, but with a minimum of 25 ml and maximum of 40 ml, as widely recommended for this block.
If the nerve was not localised on the first needle insertion, the needle was slowly withdrawn and reinserted with an angle of 5 degrees lateral to the initial insertion plane. At a depth of 4 cm the needle would be deviated approximately 5 mm from the original insertion point. failure to obtain plantar flexion on stimulation required removal of the needle and repetition of the same manoeuvres through a new puncture site 5 mm from the initial insertion site. The number of attempts to localise the sciatic nerve was defined as the number of skin punctures.
The popliteal sciatic nerve block in the ultrasound group (US group) was performed as follows (by three anaesthesiologists with extensive experience with the ultrasound technique). The patient was lying in Sim's position. The ultrasound probe was aseptically prepared by covering the surface with non-sterile ultrasound jelly, slipping it into a sterile glove and covering it with sterile ultrasound jelly. The puncture site was disinfected. The distal sciatic nerve was visualised just above its division, 8 to 10 cm above the popliteal fossa crease, using the Micromaxx ultrasound device (Sonosite, Bothell, WA, USA) with a 7 to 13 MHz 38 mm linear probe held in a transverse position.
The same kind of needle as used for the nerve stimulator guided blocks was inserted 0.5 cm caudal to the ultrasound probe with a slight cranial angulation such that the needle crossed the ultrasound beam. Under direct ultrasonographic imaging, the needle was advanced to the nerve. When the needle position was judged adequate by ultrasonographic imaging, lignocaine 1.5% with epinephrine 5 μg/ml was injected and its distribution around the nerve confirmed. If no circumferential spread occurred, the needle was redirected in order to obtain the typical 'doughnut sign' 11 . The number of skin punctures to target the sciatic nerve and obtain circumferential spread was recorded.
The attending anaesthesiologist was asked to inject the smallest amount of local anaesthetic that he judged to be necessary in order to obtain circumferential spread around the nerve, which is a predictor for successful block, with no minimum but a maximum of 40 ml.
for the NS group, the block performance time was defined as the interval between the first needle insertion and its removal at the end of the injection of local anaesthetic. for the US group the block performance time was defined as the interval between the start of visualisation of the distal sciatic nerve and removal of needle at the end of the injection of local anaesthetic.
If 15 minutes elapsed between the first needle insertion without adequate visualisation or nerve stimulation, the block was considered a failure. Block performance related pain was evaluated immediately after removal of the needle by asking the patient to verbally quantify the level of pain using a score between 0 and 10 (0 meaning no pain and 10 meaning excruciating pain).
if a tourniquet was required for surgery, a saphenous nerve block was performed by a linear subcutaneous infiltration of 5 ml lignocaine 1.5% in the proximal anteromedial aspect of the lower leg.
An investigator blinded to the block technique recorded the onset of sensory and motor blocks in the distribution of the sciatic nerve every five minutes, starting immediately after removal of the needle. Sensory block was assessed using loss of cold sensation elicited by frozen ampoules of saline in the central sensory region of the peroneal and tibial nerve, with the same stimulus delivered to the contralateral side. Patients quantified the quality of block using a score between 0 (no block) and 10 (complete block). Sensory block was considered complete when the testing reached a score of 10.
Motor block was assessed by asking the patient to plantarflex and dorsiflex the foot and was classified as follows: 0=normal movement, 1=decreased movement, 2=no movement. The motor block was defined complete if a score of 2 was obtained.
After the block procedure all patients were asked whether they would choose the same anaesthesia technique or would recommend this technique to their friends (0=never advise, 1=advise).
Surgical anaesthesia was defined as surgery without patient discomfort or the need for supplementation of the block. if the patient experienced pain despite supplementation with fentanyl (maximum 100 μg), general or spinal anaesthesia was used by the attending anaesthesiologist.
After the surgical procedure the patients were observed for at least six hours in the hospital. Motor block and VAS scores were recorded every 30 minutes. Once VAS scores were greater than 3, or if the patient expressed pain as unacceptable, paracetamol 1000 mg and diclofenac 1 mg/kg orally was prescribed.
Sensory block duration was defined as the time between the sciatic nerve block and the first dose of analgesic.
follow-up was done by a telephone interview by the principal investigator one week later. The following questions were asked: did any region of the leg remain numb or weakened or generate abnormal sensations for a prolonged period of time? Will you recommend the same anaesthesia technique to your friends? (0=never advise, 1=advise.)
A minimum group size of six was calculated to achieve a study power 90% with type 1 error rate (alpha) as 0.05. This calculation was based on a mean value (standard deviation) of injected local anaesthetic in daily practice of 35 ml (SD=2.5 ml), and a reduced amount of 10 ml was assessed to be clinically important. However, to make our conclusions more relevant we decided to include two times 20 patients.
Statistical analysis was performed with SPSS for Windows (Version 12.01). Continuous variables between groups were compared using either two samples t-test or the Mann-Whitney U-test according to the data distribution. These variables are presented as mean (SD) or median (interquartile range [iQR]) respectively. Qualitative data are presented as absolute numbers or percentage and tested using the χ 2 -test. A P value of <0.05 was considered statistically significant.
RESULTS
Patient demographics and surgical procedures were comparable between the US and NS groups ( Table 1 ). The overall block success was significantly higher (P=0.017) in the US than in the NS group (100% vs. 75% respectively). in two patients in the NS group, no muscular contractions upon stimulation could be elicited. These patients were classified as block failures due to too long a procedure time and were excluded for further analysis. The block was Data are expressed as mean (SD) or number of patients.
then successfully performed under ultrasonography in one patient. in the other, due to lack of time, spinal anaesthesia was performed.
In the remaining 18 patients, plantar flexion of the foot was the evoked motor response upon nerve stimulation with a median stimulation current of 0.38 mA (min 0.23mA, max 0.5 mA).
Block performance characteristics, injected volume of local anaesthetic and surgical block-success are summarised in Table 2 .
Significantly fewer needle attempts were needed when ultrasound guidance was used for localising the sciatic nerve (P=0.029).
A significantly lower median dose of local anaesthetic was injected in the US group than in the NS group, 17 ml (iQR=5) vs. 37 ml (iQR=5), while surgical block success was 100% vs. 83% respectively. After the block performance, all patients except one (NS group) would advise the distal sciatic nerve block to their friends.
Block characteristics did not significantly differ between the two groups ( Table 3) .
One patient in the NS group started to complain of dizziness, warmth and nausea during the injection of 10 ml local anaesthetic. Tachycardia was observed. Despite negative aspiration, an intravascular injection was suspected. The injection was stopped, the patient turned to the supine position and oxygen was administered. An ultrasonographic examination of the site of injection was performed. The distal sciatic nerve was completely surrounded by local anaesthetic.
Surgical anaesthesia was obtained in all patients in the US group. in the NS group, three patients had a failed distal sciatic nerve block. Two of them still complained of pain despite supplementation with fentanyl; in one patient, general anaesthesia and in the other spinal anaesthesia, was administered.
in the telephone interview, two patients in the US group and one patient in the NS group answered that they would not advise this anaesthetic technique to their friends. None of the patients had observed signs of neuropathy.
DiSCUSSiON
We have shown that ultrasound guidance may be the preferred method for distal sciatic nerve block in the popliteal fossa, as a reduced amount of local anaesthetic may be used while maintaining block characteristics. This may decrease the risk of systemic toxicity when large doses of local anaesthetic are injected.
This study was primarily designed to detect a difference in injected local anaesthetic when using ultrasound-guidance. Secondary outcome variables should be interpreted with caution, because of possible underpowering of the study.
Outcome measures such as time of block performance, local anaesthetic dose, onset, block quality and patient satisfaction favour ultrasoundguided techniques 12 , which is supported by this study. Mostly only limited patient numbers were involved in previous studies. This is also a weakness in our study and may explain the relatively low success rate for the NS group. Operator bias was avoided, because the experienced anaesthesiologists performing the nerve stimulator technique were not yet using ultrasound guidance.
Success rates for single injection posterior popliteal block vary between 45 and 96% [13] [14] [15] . A larger study may have demonstrated a less favourable [2] [3] [4] . in experienced hands, ultrasonography and neurostimulation with multiple injections may have similar success rates 16 , but ultrasonography still has the theoretical advantage of increased safety because continuous visualisation of both the needle and nerve during injection may prevent intraneural or intravascular injection.
The volume of local anaesthetic administered is one of the major determinants for the success of peripheral nerve blocks. Taboada et al concluded that the ED95 for adequate block of the distal sciatic block in the popliteal fossa, using a single injection and nerve stimulator, a volume of 30 ml is required 17 , which is slightly less than the median volume of 37 ml injected in our study.
in order to avoid block failures, a minimum dose of local anaesthetic was defined in the NS group. in all patients except one, more than 30 ml of local anaesthetic was injected. So the differences in injected doses would not have been different, if a lower threshold was defined.
The minimum effective volume of local anaesthetic required to produce a successful nerve block may be reduced when using ultrasonographic guidance [18] [19] [20] [21] , but has not been defined for distal sciatic nerve blocks. We were able to use approximately 50% less local anaesthetic to effectively block the sciatic nerve although block characteristics did not significantly change. Block onset time and duration are preserved. if a neurostimulation multiple injection technique had been used in our study, the amount of local anaesthetic could have been reduced 15 . Hence the demonstrated difference in injected local anaesthetic may have been lower.
However, multiple injection techniques for distal sciatic nerve block are still not common practice. Some authors even recommend that single-shot techniques for peripheral nerve block should be used instead of multiple injections in order to maximise patient comfort 22 . Significantly fewer needle attempts were needed when ultrasound guidance was used for localising the sciatic nerve, but the VAS-scores during the block procedure did not differ between the two groups.
The reduced use of local anaesthetic may decrease the incidence of systemic local anaesthetic toxicity although a large study population would be necessary to demonstrate this. Ultrasonography may prevent intravascular injection based on the pattern of local anaesthetic spread. We used ultrasonography in one patient to diagnose whether an intravascular injection had been performed during the performance of a nerve stimulation guided block. The observation of extravascular local anaesthetic around the nerve was a great reassurance for anaesthesiologist and patient, and prevented unnecessary treatments, although a small intravascular injection may have occurred.
in conclusion, the use of ultrasound localisation compared to nerve stimulation with single injection for distal sciatic nerve block in the popliteal fossa reduces the amount of local anaesthetic required without changing block characteristics.
